Introduction
The progression of neurological deficits in acute ischemic stroke is estimated to occur in over 20-40% of patients. Frequency of clinical worsening after hospitalization varies, depending on the mix of stroke patients and their time of entry into the hospital [1] . Progressive stroke is defined as 'a stroke in which the neurological deficit is still increasing in severity or distribution after the patient's admission to the hospital for observation' [2] . Patients with progressive strokes have increased morbidity and mortality as well as worsened functional outcome compared with those who remain stable [2] . In the Harvard Stroke Registry, 95/471 (20%) of stroke patients progressed after onset, most with lacunar infarcts [3] . In the Lausanne Stroke Registry, among 1 3,000 patients, clinical worsening after admission occurred in 29% of all stroke patients and in 662 (34%) of noncardioembolic ischemic stroke patients [4] . Among 350 Japanese patients in another study, 25% progressed after admission, and worsening in the hospital occurred in 26% of lacunar stroke patients [5] . In the study by Steinke and Ley [6] , 24% of patients had worsening of motor deficits after hospitalization, and the predominant subtype of stroke was lacunar infarction (23.9%). While patients with 'lacunar' infarcts may have good outcome [7] , studies have demonstrated that neurological deficits progressed after admission in as many as 62% of patients and corresponded with poor outcome [4, 8, 9] .
The zone of ischemia in lacunar infarction involves the small arterial vessels supplying the subcortical structures. The most frequent lesion described is microatheromatous branch vessel disease, whereas lipohyalinosis and fibrinoid necrosis are less frequent, and embolism from large vessel disease may also rarely occur [10] [11] [12] [13] [14] [15] . Because of the absence of collateral vessels, the infarct usually extends from the site of occlusion through the territory of the affected penetrating artery [15] ; however, the size of the ischemic area is variable, depending on the vessel caliber and extent of ramifications [10, 14] . Progression of motor hemiparesis may thus be caused by either stepwise occlusion of the proximal segment of a perforating artery or distal-to-proximal clot propagation with subsequent occlusion of small branches, leading to enlargement of the lacunar infarct and progressive symptoms [6] . Previous studies have shown that patients who progress have severer deficits upon admission and larger final infarct volumes [5, 9, 16] . These data suggest that these patients have larger areas of hypoperfusion and tissue 'at risk' of infarction.
Various strategies have been investigated in the past to halt stroke progression. Trials of anticoagulation with heparin, heparinoids or low molecular weight heparin have shown no effect in treating neurological worsening, including patients with strokes due to small vessel disease [17, 18] . In a pilot trial of 10 patients with subcortical strokes, volume expansion was associated with a reversal of worsening deficits [19] .
In our center, we have tried various treatments to reverse progression in subcortical stroke patients, including induced hypertension and volume expansion. We found that these therapies were frequently associated with cardiovascular side effects and did not predictably reverse or even halt progression [8] . This indicates that elevating blood flow alone to areas of hypoperfusion may not reliably impact flow-limiting arterial lesions, and that additional strategies are needed to arrest deterioration. If stepwise occlusion or propagation of thrombosis of these small perforator vessels and exhaustion of 'penumbra' distally is a major cause of deterioration, then the glycoprotein (GP) IIb-IIIa inhibitor, eptifibatide, may arrest or even reverse deterioration. GP IIb-IIIa inhibitors block platelet aggregation by antagonizing receptors that bind fibrinogen molecules and form bridges between platelets. GP IIb-IIIa inhibitors could allow endogenous tissueplasminogen activator to dissolve thrombi, and prevent growth and re-formation of thrombi by competitive inhibition with fibrinogen. GP IIb-IIIa inhibitors may also promote vasodilatation through nitric-oxide-mediated mechanisms, and therefore could also augment blood flow to brain tissue at risk [20] . GP IIb-IIIa inhibitors are currently used in clinical practice for acute coronary syndromes and percutaneous coronary interventions. The multifactorial effects of eptifibatide on the microcirculation make it an attractive agent compared with heparin to arrest progression in fluctuating patients.
Eptifibatide, along with other GP IIb-IIIa inhibitors, is increasingly being used off-label to treat patients with acute ischemic stroke syndromes. In order to obtain preliminary data on safety, we conducted a retrospective analysis of our patients with subcortical stroke who had neurological deterioration and then received off-label eptifibatide. Our intention was to use these preliminary data to decide if a larger controlled study should be conducted to determine whether eptifibatide can reverse or halt subcortical stroke fluctuation.
Methods
We conducted a retrospective analysis of patients treated at our stroke center who had an imaging-proven subcortical stroke and deteriorated on the NIHSS while on our inpatient stroke service after hospital admission. These patients were specifically considered for inclusion in a clinical protocol involving the use of eptifibatide for subcortical strokes. Patients received eptifibatide if they met the following inclusion and exclusion criteria:
Inclusion Criteria 1 Age 18 years or older. 2 Neuroimaging findings consistent with acute subcortical hemispheric or brainstem ischemic stroke in a penetrating vessel territory on MRI or CT. A purely subcortical infarct had to be visualized on DWI or by CT hypodensity consistent with an acute or subacute infarct in the territory of the patient's symptoms. 3 Deterioration in motor NIHSS 6 1 point within 48 h of symptom onset, and being able to give eptifibatide within 12 h of onset of worsening/progression. 4 CT or MRI performed within 120 min before starting eptifibatide, showing no bleeding, midline shift, or new nonsubcortical hypodensity. All patients were managed by the same stroke team and monitored in the stroke unit or the neurocritical care unit (when necessary) for close observation. Patients received standard of care with regard to deep venous thrombosis prophylaxis. Euvolemia was maintained with normal saline infusion based on the clinical examination (invasive monitoring was not routinely used). Hyperglycemia was treated aggressively with sliding-scale insulin to maintain normal blood glucose. All patients had routine stroke workups, including echocardiography, carotid imaging, electrocardiogram, and risk factor stratification. Patients received standard nursing care and rehabilitation therapies.
Exclusion Criteria
Deterioration in neurological status was defined as an increase of 1 point or greater in the motor portion of the NIHSS for assessment of extremity movement (0 = no drift, 1 = drift, 2 = some effort vs. gravity, 3 = no effort vs. gravity, 4 = no movement). Worsening in facial paresis or articulation may have occurred, but was not included in the measurement of the motor score on the NIHSS examination.
As standard of care, the head of the bed was placed at zero degrees to the horizon, and emergent brain imaging was performed. Euvolemia was assured by normal saline IV based on the clinical examination (invasive monitoring was not routinely used). Creatinine, hemoglobin, and platelet measurements must have been performed within 24 h of treatment. Eptifibatide (180 g/kg bolus followed by 2 g/kg/min; 1 g/kg/min for patients treated within 24 h of IV rt-PA) was administered intravenously for 24-48 h. Hemoglobin and platelets were monitored every 6 h, and blood pressure and neurological assessment were performed every hour during the infusion. The infusion was stopped early for a drop in hemoglobin (Hb) of at least 3 g/dl, drop in platelets to ! 100,000/ l, clinically significant bleeding, or intracerebral hemorrhage. Brain CT/MRI was repeated as clinically indicated. Anticoagulation with full-dose heparin, Lovenox, or warfarin was not used during the infusion of eptifibatide. Antiplatelet agents were started 6 h before stopping the eptifibatide infusion.
Assessments of the NIHSS score were performed at 24 and 48 h after the start of the eptifibatide infusion and on the day of discharge by a stroke team member. If the NIHSS was not recorded, it was abstracted from the patient's medical record. We also tracked disposition and discharge modified Rankin Scale scores. The off-label use of eptifibatide has been internally monitored for patient safety at our center.
Patients who met inclusion criteria were collected to address the following questions: 1 Is eptifibatide (bolus 180 g/kg followed by infusion of 2 g/ kg/min over 24 h) safe to give within 12 h of deterioration in patients with acute subcortical ischemic strokes? The primary outcome was serious systemic bleeding (defined as clinical bleeding or drop in Hb 1 3 g/dl or necessitating transfusion) or symptomatic intracranial hemorrhage or parenchymal hemorrhage (PH-2). Safety was defined as less than 10% incidence. 2 What is the incidence of improvement in the patients' motor component of the NIH stroke scale (NIHSS) 24 h after eptifibatide treatment compared to the baseline motor NIHSS score prior to the deterioration? This was considered a secondary outcome measure. 3 What is the incidence of improvement in the patients' motor NIHSS score by at least 1 point 24 h after eptifibatide treatment compared to the NIHSS score at the time of deterioration? This was an additional secondary outcome measure.
Results
Twenty-four patients were treated for deteriorating acute subcortical ischemic stroke. The average age was 63 years (SD 15 years); 54% were female; 50% were black and 42% were white ( table 1 ). Half of the patients (56%) had strokes within the deep structures fed by perforators of the middle cerebral artery, while the other half had strokes in the brainstem fed by perforators of a vertebral artery or basilar artery. No patient had a hemorrhage on baseline imaging. Five of the patients (21%) had moderate-tosevere stenosis of the parent artery on CT or MR angiography. Six patients (25%) had received IV tPA a mean of 11.3 h prior to starting eptifibatide. The median baseline NIHSS was 5.0, which worsened to 8.5 before treatment with eptifibatide ( fig. 1 ). Motor scores worsened from a median of 2.0 to 5.0. Patients were treated a mean of 36 h after initial stroke symptoms, within 12 h of deterioration, and were treated with eptifibatide for a mean of 33.5 h. Treatment was stopped early in only 1 case due to a decline in platelet count to ! 100,000/ l. No systemic or symptomatic intracerebral bleeding occurred. No patient had a decline in hemoglobin by more than 3 g/dl. Only 1 patient had hemorrhagic infarction, and this was only grade 1. All patients received oral antiplatelets before discontinuation of eptifibatide.
The median motor and total NIHSS scores at 24 h after eptifibatide infusion were 2.0 and 5.5, respectively ( fig. 1 ). Ten patients (42%) returned to their pre-deterioration (baseline) motor NIHSS score, and 50% returned to their pre-deterioration total NIHSS score by 24 h after eptifibatide was administered ( table 2 ). Half of the patients improved by at least 1 point on the motor portion of the NIHSS by 24 h compared to their pre-eptifibatide score (defined as NIHSS collected right before the drug was administered). This improvement persisted through the time of discharge. By discharge, 37.5% of patients had motor NIHSS scores that were less than or equal to baseline scores at hospital admission. Five patients stabilized and had no change in motor NIHSS scores when comparing the pre-eptifibatide score with that of the hospital discharge score. Seventeen patients (71%) had improvement in total NIHSS by discharge compared to the pre-eptifibatide NIHSS. Eleven (46%) patients had lower total NIHSS scores at discharge compared with baseline, before the deterioration. Two patients continued to deteriorate, and had a discharge NIHSS score 1 point higher than that recorded before treatment with eptifibatide. At discharge, the median total and motor NIHSS scores were 4.5 and 2.0, respectively. All but 2 patients (92%) were discharged home or to inpatient rehabilitation. The median discharge mRS was 3.0.
Discussion
Deterioration after subcortical stroke is common. There are no proven treatments to abort or reverse deterioration once it begins. Treatment with high-potency antiplatelets may prevent clot propagation and occlusion of small penetrating vessels, thereby halting stroke progression. This case series of patients with deteriorating subcortical strokes demonstrated that eptifibatide may be safe in this patient population. There was no evidence of bleeding or other serious adverse effects of 1-2 days of eptifibatide treatment at the doses used, including those patients who received IV tPA. In general, the percentage of patients with subcortical stroke who deteriorate and then return to pre-deterioration motor function by 24 h has not been well-characterized. Thirty-eight percent of our treated patients achieved this goal. In addition, roughly half of our patients did improve at least 1 motor point by 24 h, and also improved to better than baseline NIHSS scores by the time of discharge. Although this study was not designed to test the efficacy of eptifibatide treatment, these results, coupled with the very low adverse event rate, are encouraging and justify further study of eptifibatide in this setting. Eptifibatide is being evaluated for other cerebrovascular conditions besides subcortical strokes. In the CLEAR trial, it was tested as an adjunct to IV tPA [21] , and there have been reports of its use to augment recanalization and prevent re-occlusion after intra-arterial thrombolysis [22] . However, the present study focuses on a different stroke population. Subcortical strokes may be a safe application of delayed GP IIb-IIIa therapy since the infarcts are smaller and less likely to bleed.
Another question of interest is the relationship between the time of initial symptom onset and the time between deterioration and the start of eptifibatide infusion (0-3 vs. 3-12 h). These intervals, and their relation to partial and complete response rates, could not be examined in this case series. Not only were the number of patients enrolled too small for such a subanalysis, but the exact timing of deterioration was uncertain in our patients. Previous data from our center [8] showed that deterioration occurred on average a full day after symptom onset, and often in the second and even third days, consistent with prior studies [23, 24] . In this case series, eptifibatide was started on average 36 h after symptom onset and 12 h after deterioration was first noted. However, since this protocol did not involve observation of all subcortical stroke patients, and only included patients after they had deteriorated, our data on the incidence and timing of deterioration is inexact. The issue of timing of eptifibatide infusion will therefore have to be explored in a subsequent study.
We had no control group, and therefore we cannot assume that the improvements in neurological function were due to eptifibatide rather than the natural history of the patient's disease. We believe that our initial pilot data, however, provide evidence that eptifibatide is safe in this stroke population and support the continued investigation of this drug for progressing subcortical stroke, for which there are no effective therapies to arrest neurological worsening. We are now characterizing the natural history of small vessel fluctuation in patients with subcortical strokes. This information will help us in planning a future study to test whether eptifibatide can reverse deterioration in progressing subcortical stroke. Our ultimate goal is to assess whether recovery to pre-deterioration deficits is increased in patients treated with eptifibatide compared with placebo-controlled patients.
